Introduction
Over 20% of adolescents regularly smoke cigarettes ( Centers for Disease Control and Prevention [CDC], 2008 ) , with the percentage of regular smokers doubling and the percentage of daily
Hedonic capacity and smoking
shown that lower hedonic capacity predicts greater cigarette cravings within 24 hr of smoking abstinence ( Cook, Spring, McChargue, & Hedeker, 2004 ; Leventhal, Waters, Kahler, Ray, & Sussman, 2009 ), a tendency to place higher priority on smoking in comparison with other reinforcers ( Leventhal et al., 2009 ) , and a shorter time to smoking relapse ( Cook, Spring, McChargue, & Doran, 2010 ) . While low hedonic capacity may play a role in the maintenance of tobacco use among established smokers, little is known regarding whether this trait infl uences the initial uptake and progression of smoking, which typically occurs during adolescence. Investigating hedonic capacity in adolescents is important as adolescence is a high -risk period for smoking and the adolescent brain may be particularly responsive to drugs, such as nicotine that act on brain reward pathways and may alter hedonic tone.
The present study sought to provide initial evidence for a relationship between hedonic capacity and smoking onset and escalation among adolescents. We anticipated that low hedonic capacity would predict increased odds of smoking onset and increases in smoking rate across time. Smoking usually begins during adolescence, is carried well into adulthood, and is accompanied by signifi cant morbidity and premature mortality ( Eaton et al., 2006 ; Mokdad, Marks, Stroup, & Gerberding, 2004 ; Substance Abuse and Mental Health Services Administration, 2008 ) . Identifying novel risk factors for smoking uptake is critical for understanding the bio-behavioral basis of adolescent smoking, early identifi cation of youth at risk for smoking , and developing more effective smoking prevention and cessations programs.
Methods

Participants and P rocedures
Participants were high school students (50% female and 74% White) taking part in a longitudinal study of the relationship between adolescent physical activity and adolescent smoking adoption. Participants were enrolled in one of four public high schools outside Philadelphia, PA, representing the gender, racial, ethnic , and socioeconomic characteristics of youth in the United States. The cohort was drawn from the 1,517 students identifi ed through class rosters at the beginning of ninth grade. Students were ineligible to participate in this study if they had a special classroom placement (e.g., severe learning disability) or if they did not speak fl uent English. Based on the selection criteria, a total of 1,487 (98%) students were eligible to participate. Of these 1,487 eligible teens, 1,478 (99%) had a parent ' s consent to participate. Thirty adolescents were absent on the assent/survey days and 19 adolescents did not provide assent due to lack of interest in the study. Thus, 1,429 of 1,478 teens with parental consent (97%) provided their assent to participate and completed a baseline survey. A self-report 40-minute survey is administered every six months ( f all and s pring) on-site during compulsory classes each year of during high school.
The adolescent cohort was formed in the f all of 9th grade ( W ave 1: 14 years of age) and is being followed until the spring of 12th grade ( W ave 8: 18 years of age). The current analyses span four waves, beginning with W ave 4 when hedonic capacity was initially measured: W ave 4 ( spring of 10th grade, N = 1,136), W ave 5 ( fall of 11th grade), W ave 6 ( spring of 11th grade) , and W ave 7 ( fall of 12th grade). Participants were individuals ( N = 1,106) with complete data on the covariates. University Institutional Review Board approval of the study protocol was obtained.
Measures Dependent V ariable
Smoking was measured with a series of standard epidemiological questions regarding the number of days and the number of cigarettes smoked in the past month, such as " How many days in the past 30 days did you smoke a cigarette? " and " How many cigarettes did you smoke in the past 30 days? " ( Eaton et al., 2006 ) . Adolescents who reported never smoking or not smoking in the past thirty days received a zero for number of cigarettes smoked.
Independent V ariable
Hedonic capacity was assessed with the 14-item Snaith -Hamilton Pleasure Scale (SHAPS). The SHAPS has excellent psychometric properties in nonclinical samples ( Franken, Rassin, & Muris, 2007 ; Leventhal, Chasson, Tapia, Miller, & Pettit, 2006 ; Snaith et al., 1995 ) . However, as the SHAPS has not yet been used with adolescents, we conducted an exploratory factor analysis to assess its factor structure. The results suggested a single -factor structure using both an Eigen values over 1 criterion and a visual inspection of the scree plot (plot of 14 Eigen values ; Stevens, 2002 ) . Correlations with the positive affect subscale ( r = .30, p < .0001) and the depression subscale ( r = − .20, p < .001) of the Center for Epidemiological Studies Depression (CES-D) inventory provide support for convergent and discriminant validity, respectively. Cronbach ' s alpha in the current sample was r = .94. We summated the 14 items to generate a single hedonic capacity score with larger values indicating greater ability to subjectively experience pleasure to events that are typically rewarding. Response options ranged from defi nitely agree = 3 to defi nitely disagree = 0, with a possible range of 0 -42. As in prior research of anhedonia and smoking ( Cook, Spring, & McChargue, 2007 ) , we used a median split to indicate higher (>34) versus low ( ≤ 34) hedonic capacity as the continuous measure was not normally distributed, with negative skew and positive kurtosis.
Covariates
The effects of several covariates important to smoking and to hedonic capacity (e.g., depression) were controlled for in the statistical model, including gender and race. All covariates were assessed at W ave 4, except demographics and impulsivity, which were measured at W ave 1.
Household smoking was assessed with a binary variable (0 = nobody living in the household smokes , 1 = at least one household member smokes ). Peer smoking was measured by summating responses to three items asking whether the adolescent ' s best friend smokes and whether and, if so, how many of his or her other four best male and four best female friends smoke (range 0 -9 friends smoking ; Audrain-McGovern, Rodriguez, & Kassel, 2009 ; Audrain-McGovern, Rodriguez, Tercyak, Neuner, & Moss, 2006 ) .
Perceived parental monitoring was measured with a fi veitem Likert-style scale that evaluated adolescent perceptions of parental knowledge of whereabouts, activities, and friendships ( DiClemente et al., 2001 ; Fletcher, Steinberg, & WilliamsWheeler, 2004 ; Kodl & Mermelstein, 2004 ; Simons-Morton, 2004 ) . Response options range from 1 = almost nothing to 3 = a lot . Higher scores indicated greater monitoring (Cronbach ' s α = .82). Depression symptoms were assessed with the CES-D inventory.
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The CES-D is a valid and reliable 20-item self-report measure designed to assess depression symptoms in the general population ( Radloff, 1977 ( Radloff, , 1991 Roberts, Andrews, Lewinsohn, & Hops, 1990 Cloninger, Przybeck, Svrakic, & Wetzel, 1994 ) . Impulsivity and similar constructs as measured by the TCI, and its predecessor the Temperament Personality Questionnaire, have been linked to adolescent smoking and substance use ( Audrain-McGovern et al., 2004 ; Wills, Vaccaro, & McNamara, 1994 ; Wills, Windle, & Cleary, 1998 ) .
Data A nalysis
Univariate statistics were generated to describe the study population in terms of demographics and smoking. Univariate estimates were generated with SAS v. 9.1.3 software.
Latent Growth Modeling
A latent growth modeling ( LGCM ) was conducted to assess the effects of hedonic capacity on smoking.
LGCM is a structural equation modeling method that models repeated observed measures (measured variables) on factors (latent variables) representing random effects ( η s ; Duncan & Duncan, 1995 ) . A level factor is used to represent baseline and trend factors are used to represent growth or rate of change across time (i.e., each unit change in time is associated with a η change in a given process).
In the present analysis, we conducted a two-part LGCM ( Olsen & Schafer, 2001 ). The two-part LGCM method is ideal for modeling count variables with a preponderance of zeros (zero infl ated), such as the number of cigarettes smoked in the past thirty days in a community sample of adolescents. As there are more adolescent nonsmokers than smokers, there will be a preponderance of zeros in the number of cigarettes smoked per month. However, instead of eliminating nonsmokers, the two-part model permits the inclusion of two correlated latent growth curves, one for initiation of use (modeling transition from nonsmoking to smoking) and one for change in the number of cigarettes smoked per month among smokers. As such, the two-part model includes a binary part for modeling smoking versus nonsmoking and a continuous part for modeling change in the number of cigarettes smoked among adolescents who reported previous smoking. If an adolescent has not smoked in the past thirty days, they receive a zero for the binary part of the model and do not contribute to the continuous part of the model; the individual ' s data are treated as if it were missing data in the continuous part. If the adolescent reports smoking within the past thirty days at a given wave, the adolescent ' s data are added to the continuous portion of the model. LGCM was conducted using Mplus v . 6.0 software -2010 .
Missing D ata
Because hedonic capacity was not measured until W ave 4 ( N = 1 , 136), we used W ave 4 (age 15 -16 years) as the baseline for these analyses. Due to wave nonresponse and loss to follow-up, the number of adolescents who completed a survey in the subsequent waves were 1,110 ( W ave 5), 1,092 ( W ave 6), and 1 , 090 ( W ave 7). Thirty adolescents had missing data on the covariates at W ave 4 and were not included in the analysis. To account for 14 -16 cases with missing smoking data at W ave s 6 and 7, multivariate modeling used all available data. Mplus allows modeling with missing data using maximum likelihood estimation of the mean, variance, and covariance parameters, employing the expectation m aximization algorithm when data are missing at random -2004 . Final analyses were based on 1 , 106 adolescents. Table 1 presents the means and SD s for continuous model variables, along with the proportions for the categorical model variables. Cross-sectional tabulations for cigarette smoking in the past thirty days indicated that the proportion of adolescents who did not smoke in the past month decreased from 89% at W ave 4 baseline to 87% at W ave 7. At the same time, the mean number of cigarettes smoked among those adolescents smoking at least one cigarette in the past thirty days increased from 3.43 ( SD = 3.64) at W ave 4 baseline to 3.67 ( SD = 3.81) cigarettes at W ave 7. The average hedonic capacity score for the sample was 33.03 ( SD = 8.32), which is very similar to mean scores in previous samples of undergraduates ( M = 33.6 in Franken et al., 2007 ; M = 34.4 in Leventhal et al., 2006 ) . Table 2 provides correlations between hedonic capacity and the study variables.
Results
Descriptive S tatistics
Multivariate M odel
We began by assessing the binary and continuous conditional models separately for fi t to the data (i.e., two separate models). This permitted identifying the average trajectory shape for each part. For the binary part, a linear growth curve fi t the data well, Figure 1 with standardized regression coeffi cients for signifi cant paths only. Table 3 provides the statistics for the model regressions.
Effect of Hedonic Capacity on Whether an Adolescent Smoked in the Past Month (Binary Model)
Baseline L evel Compared with participants with high hedonic capacity, participants low in hedonic capacity were over two and a half times ( odds ratio [ OR ] = 2.64 , 95% CI = 1.08 -6.45) more likely to have smoked a cigarette in the past thirty days. Peers smoking ( OR = 3.30 , 95% CI = 2.65 -4.12) and depressive symptoms ( OR = 1.05 , 95% CI = 1.01 -1.09) were also associated with an increased risk of smoking a cigarette in the past thirty days. In Hedonic capacity and smoking contrast, a n SD ( = 2.83 ) increase in parental monitoring was associated with a 46% reduction ( OR = 0 .54, 95% CI = 0 .36 -0 .82) in the odds of smoking a cigarette in the past thirty days. Being Black ( OR = 0 .21, 95% CI = 0 .05 -0 .95) or another race ( OR = 0 .06, 95% CI = 0 .01 -0 .47) was also associated with a decreased likelihood of smoking a cigarette in the past thirty days compared with being White.
Linear T rend
While those low in hedonic capacity were more likely to have smoked a cigarette in the past thirty days at baseline compared with adolescents high in hedonic capacity, low hedonic capacity did not signifi cantly increase the odds of smoking a cigarette in the past month at subsequent time points. Being female ( OR = 0 .70, 95% CI = 0 .50 -0 .98) and peer smoking ( OR = 0 .88, 95% CI = 0 .82 -0 .94) were both associated with a decreased rate of acceleration in the likelihood of smoking a cigarette in the past thirty days for each six month increase in time. In contrast, having at least one household member whom smokes was associated with a 53% increase ( OR = 1.53, 95% CI = 1.08 -2.16) in the odds of progressing to smoking a cigarette for each six -month increase in time.
Effect of Hedonic Capacity on the Number of Cigarettes Smoked in the Past Month (Continuous Model)
Baseline L evel Hedonic capacity was not signifi cantly associated with number of cigarettes smoked in the past month at baseline (i.e., no signifi cant path to the level factor). Impulsivity had a signifi cant positive effect on the number of cigarettes smoked at baseline. More specifi cally, a unit increase in impulsivity was associated with a .27 increase ( β = 0 .27, z = 2.63, p = .01) in log cigarettes smoked in the past thirty days. Since the number of cigarettes smoked was log transformed, this can be translated into a 
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.27 × 100 or a 27% change in the number of cigarettes smoked for each one -point increase in impulsivity. Other factors associated with an increase in the number of cigarettes smoked in the past thirty days were age ( β = 0 .54, z = 2.53, p = .01), household smoking ( β = 1.02, z = 3.26, p < .0001), and peers smoking ( β = 0 .50, z = 7.54, p < .0001).
Linear T rend
Low hedonic capacity was associated with .9 increase ( β = 0 .9, z = 2.28, p = .02) in the rate of change in the log cigarettes smoked in the past thirty days for each six -month increase in time. This can be translated to a 90% increase in the rate of change for participants with low compared with high hedonic capacity. Impulsivity, in contrast was associated with a decreased acceleration in the number of cigarettes smoked in the past thirty days ( β = − 0 .29, z = − 2.42, p = .02).
Continuous C igarettes S moked Q uadratic T rend
Impulsivity was the only covariate to have a signifi cant effect on the quadratic trend. Impulsivity was associated with an increased deceleration from baseline ( β = 0 .09, z = 2.37, p = .02). A marginally signifi cant effect was observed for hedonic capacity. Lower hedonic capacity was associated with a significantly decreased deceleration in the number of cigarettes smoked in the past thirty days ( β = − 0 .24, z = − 1.94, p = .05). This can be translated into a 24% decrease in the rate of deceleration for low compared with high hedonic capacity, holding all other independent variables constant. Thus, smoking rate was not leveling off for the adolescents with low hedonic capacity compared with those with hedonic capacity.
Discussion
The present study provides the fi rst evidence implicating hedonic capacity as a risk factor for adolescent smoking initiation and progression. We hypothesized that adolescents with lower hedonic capacity may be less responsive to natural reinforcers and therefore be prone to take up and rely on smoking as a reinforcer. Indeed, the results indicated that adolescents low in hedonic capacity were over two and a half times more likely to have smoked a cigarette in the past month at age 15 and to show a 90% increase in the rate of smoking escalation across the following 18 months compared with adolescents with high hedonic capacity.
These fi ndings extend past results implicating low hedonic capacity in the maintenance of smoking in adults ( Cook et al., 2004 ; Cook et al., 2010 ; Leventhal et al., 2009 ) and suggest that this trait is a marker for a preexisting vulnerability for the early progression of smoking. One possibility is that low hedonic capacity may confer risk for the likely use of pharmacological reinforcers, and the findings involving smoking in the current study may be characteristic of general propensity toward uptake of a variety of nonpharmacological reinforcers. Note. Female (1 = yes , 0 = male ); Black (1 = yes , 0 = else ); other race ( other race = 1, else = 0); household smoking (0 = nobody living in the household smokes , 1 = at least one person living in the household smokes ); peers smoking (number of peers smoking, 0 -9 peers) .
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Linear T rend
Continuous C igarettes S moked Q uadratic T rend
Impulsivity was the only covariate to have a signifi cant effect on the quadratic trend. Impulsivity was associated with an increased deceleration from baseline ( β = 0 .09, z = 2.37, p = .02).
A marginally signifi cant effect was observed for hedonic capacity. Lower hedonic capacity was associated with a significantly decreased deceleration in the number of cigarettes smoked in the past thirty days ( β = − 0 .24, z = − 1.94, p = .05). This can be translated into a 24% decrease in the rate of deceleration for low compared with high hedonic capacity, holding all other independent variables constant. Thus, smoking rate was not leveling off for the adolescents with low hedonic capacity compared with those with hedonic capacity.
Discussion
Indeed, other studies have demonstrated associations between anhedonia and use of other drugs, including cocaine and amphetamine ( Leventhal et al., 2008 ( Leventhal et al., , 2010 , cannabis ( BonnMiller, Zvolensky, Marshall, & Bernstein, 2007 ; Dorard, Berthoz, Phan, Corcos, & Bungener, 2008 ; Dumas et al., 2002 ; Johnson, Bonn-Miller, Leyro, & Zvolensky, 2009 ) , and opiates ( Zijlstra, Veltman, Booij, van den Brink, & Franken, 2009 ). Regardless of whether low hedonic capacity may confer risk to other drugs of abuse, the current study suggests that this trait may be an important variable to identify youth at risk for smoking.
Adolescence is a critical period for the development of neural systems that regulate reward processing ( Forbes & Dahl, 2005 ; Galvan, 2010 ) . A reduced ability to experience pleasure is associated with diminished mesocorticolimbic dopaminergic activity ( Stein, 2008 ; Treadway & Zald, 2011 ; Tremblay, Naranjo, Cardenas, Herrmann, & Busto, 2002 ; Tremblay et al., 2005 ) and sensitivity to the effects of nondrug reinforcers on phasic mesocorticolimbic dopamine release ( Juckel et al., 2006 ) . Decreased dopamine release may create a neurobiological context for increased sensitivity to drugs that stimulate the mesocorticolimbic pathway ( Tremblay et al., 2002 ) . Nicotine stimulates dopamine neurotransmission and other brain systems associated with reward, which might help anhedonic adolescents overcome pleasure defi cits ( Barrett, Boileau, Okker, Pihl, & Dagher, 2004 ; Brody et al., 2004 Brody et al., , 2009 Epping-Jordan, Watkins, Koob, & Markou, 1998 ) . However, long -term chronic exposure to nicotine may further reduce reward functioning. It is possible that adolescents who began smoking as a result of low hedonic capacity may, after years of chronic nicotine exposure, further elevate their reward threshold ( Koob & Le Moal, 2008 ) . This suggests that smoking to regulate reward defi cits may lead to even greater need to smoke.
While research suggests that cigarettes alone only produce a mild increment in pleasurable emotions, there is evidence, however, that nicotine may augment pleasure response to nondrug stimuli (e.g., secondary reinforcing effects of smoking ; Caggiula et al., 2009 ; Chaudhri et al., 2006 ) . We believe that adolescents with low hedonic capacity may be particularly sensitive to the secondary (reward-enhancing) effects of nicotine, which may account for these fi ndings. That is, adolescents with lower hedonic capacity smoke during appetitive events in order to increase their pleasurable response to such events. Preclinical models suggest that nicotine increases reward sensitivity or the pleasure derived from available reinforcers in the environment ( Kenny & Markou, 2006 ). Thus, adolescents may self-administer nicotine to pharmacologically stimulate an underresponsive reward system. Nicotine may allow adolescents to increase their hedonic tone and derive more pleasure from natural reinforcers in their environment. This explanation is consistent with the finding of Cook et al. (2007) that adults with low (vs . high) hedonic capacity are more sensitive to the affect-enhancing effects of a nonpharmacological positive mood induction only after nicotine administration.
Clinically, these fi ndings suggest that adolescents low in hedonic capacity may be an important population to target for smoking prevention and smoking cessation efforts. However, fi nding suitable alternative reinforcers may be more diffi cult when we consider that adolescents with low hedonic capacity may underrespond to typical alternative rewards. Activities that are rewarding for those with normal levels of hedonic capacity may not be as rewarding for those with low levels. If smoking ' s role is to permit an adolescent to derive greater reward from natural reinforcers, the more important question may be how to enhance pleasure from typical reinforcers rather than identifying 
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reinforcers potent enough to elicit feelings of pleasure. Drawing from Positive Psychology approaches to the treatment of depression, behavioral skills to magnify or savor the enjoyment derived from daily reinforcers may help ameliorate the pleasure defi cit associated with lower hedonic capacity ( Lee Duckworth, Steen, & Seligman, 2005 ; Seligman, Steen, Park, & Peterson, 2005 ) . However, the present fi ndings need to be replicated before ultimately determining their clinical value.
To our knowledge, this is the fi rst investigation of whether hedonic capacity infl uences adolescent smoking onset and escalation. As such, the study has several strengths including a large sample of adolescents, four measurement waves across 18 months, and control for potential confounding variables (e.g., depression) in the statistical model. One potential limitation is that the hedonic capacity measure used in this study, the SHAPS, has not yet been used with adolescents. However, consistent with adult populations, the factor analysis indicated a single factor structure. The average hedonic capacity score in the present study is comparable with that reported for young adults (e.g., 34 ; Leventhal et al., 2009 ) . In this community sample of adolescents, we were able to detect a level at which adolescents were at risk for smoking, despite controlling for depression. Conceptually, the fi nding that anhedonia predicted smoking uptake over and above depression suggest that anhedonia is a risk factor for smoking simply because it is a marker for experiencing depressive symptoms in gender. Perhaps, anhedonia may refl ect a subtype of depressive pathology that confers greater risk of smoking uptake than other facets of depression. To test this hypothesis, future research should directly compare the relative predictive validity of anhedonia versus other facets of depression (e.g., somatic and neurovegetative features, negative affect, interpersonal problems) in explaining variation in risk for smoking uptake.
In addition, we relied on self-reports of smoking as biochemical verifi cation of smoking status are not typically implemented in epidemiological studies as adolescent self-reports have been determined to be valid and suffi cient, especially when confi dentiality is assured ( Velicer, Prochaska, Rossi, & Snow, 1992 ; Wills & Cleary, 1997 ) . Further more , the standard cotinine cutoff of 15 ng/ml cannot validate cotinine levels consistent with defi nitions of being an adolescent current smoker (e.g., one cigarette in the past thirty days ; Dolcini, Adler, Lee, & Bauman, 2003 ) . Finally, the present study did not examine mechanisms that link hedonic capacity to smoking. Though we speculate that increased sensitivity to nicotine ' s secondary reinforcing effects is a putative mediator, a greater understanding of the bio-behavioral mechanisms than underpin hedonic capacity ' s link to smoking may help inform novel interventions to reduce adolescent smoking prevalence.
In summary, the present study provides support for hedonic capacity as a novel determinant of adolescent smoking uptake. Low hedonic capacity predicted initiating smoking by age 16 and the escalation in the number of cigarettes smoked across the following 18 months. Thus, hedonic capacity appears to predict earlier smoking onset and subsequent escalation. As such, it may be a useful variable to identify youth at risk for smoking over and above other affective characteristics, such as depression. More research is warranted to determine the processes by which hedonic capacity infl uences smoking to inform interventions to prevent smoking uptake and facilitate smoking cessation in those already smoking.
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